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I ASM 1 

#o] q-^ ^?fl<as. 4i^5)<H 2*> «?J 4 (secondary particle)^ #Efl5. ^*flS}^ $ 
M- M-^-^-^-^l -g-lKnano-composite powder) ^ O. *\)2^ ^«\) %SL£., o] 

> 

(conventional) *1 = 3^ Or- 0 ^-?-*) ^ ^ 1^ ^<>i^. 

5. 3a • •• 
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1*3 >M1 

^l^suJoV-^nm. 4^-4^-^)] g-ig ^ {Zirconia- 
Alumina nano-composite powder and preparation method thereof} 

A-] s S^- oj^- ^ u] ^ o)£o] 5.^^ ^ (network) f2:t £ 

A^ 7M£0l4. 

^ ^>S)€ (A), (B)fe #e)^7> 7fl^s)^l #3HM *1 

*V fl'*^* °l-¥-ol n^l-ol 7^30.5. ^-Bfls. ^Afl*Hb *|S 

44(A)4 uf ^*(B)# M"^^ TEM ' 4^plt^-. \ j£' (C)fir (D)fe i 

(A)3 ^Siaqp}^ ( B )o| 3j)^o]c).. ,y.: : 

ii-^-M €^ ^^-S- TEM 4^°lfr. (A), (B)fe feH 

W (#3-1- *fl«H 1:9. 7fl^3^ afl^sM *l = 5N° r 1 

> 
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#3*1- tfl«H 1:1 §^13. -$7>£M x|a3qo}-6^D|4 

^ D <M -g-M tfl*H 1:0.1 $7>sq<H 2*> 

iflafl ^£3t|o}S) 1*V «a^7> 5LSj£ ^SHr M^Wflfc TEM 4^1 



<4> 



TEM 



<5> 



£ 5*r 800 T^H v|2t-4t^l &t2l XRD « 



o)cf 



<6> 



<7> 



£. 7 £- X| 2 sv| <>}-<£ ^ DjM- MW IM 1300 -E-oflAi ^ 



sem: >tea<W. (A)% ¥^pi>> tfl*^ 1:9 ^7> 

^ viH^Aj 42:^ m-^t^^-^i fci*; ^ls^- ^s^i; (B)^ #fl^7> 

A>ii tfl*H f^l^. 1:1 ^7>^ Aj-^|oflA^ ^12:^ *W 

* I ■ 



<8> 



8^r 1400 ±^ mtHW'SEH (A)fe #5H7> 



a>3-§- ^r^ofl tflsH 1:9 *7>€ ^I2t€. £lM: 
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1:0.1) 37}£ #eHH -g-iS-g- T'-aAfl, (C)fe #2^3 

7fl<a°l #3N*1 ^3 °l-§-*H di** ^^1, (D) 

£ ^ ^ ^^-Tflfil 1*} «g (primary 
particles)ol ^ ^n^ 6 *}*) 3 *§FflJL ^*fl*Hr 2*\ <$A 

#(secondary particles)^ 7>*|^ ^.fl-tb ^-^ ^ ^fls 

- . 

• ■ • * • * ' ' , * 

■g- €-^"°ler 2 ^ ^ 3.7)2] ^4$ 

* 

* 

'Mty. . £3€ v 4 ? calcination)* t>^l?J4 f ^1. 

■ ■ . . - ' ■ " ■ ■ . ■ ■ * . ' . 
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±£^s= (2# ^ i*> sj*hm ^m^i 2*> <a*># 

1 

SW ~ *W 7 1313 ^ OT^IM- 

-^s^q^l- 4^2] *\)^°\) $7}S\±= x}^.3.^\°}2\ 3.7)7]. 

Ai 2WJ ^1=2^0} «?J^ 3.7V ^H7> ^<y^ -grtfol 0^4) 7^^ 

-8- ^-Al^^ss-H- ^7>*>5] MMlS. 5 ifl*l 20 %S] ^)S.3L^\ 

* 

••. • .... 

■ . 

*W23. 371 t 1 BHr 7|7fl3, ^ -^71 

. ■ ■ ■ . ' . ■ * . 

■ « * 

- 

* * • * * 
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ol^-Tfl Qg. £^2) ulAfl^- ^^(crystallite) 4 0 l^(-f-#3-2-^ 

100 nm <>l«h)^ #£SH 5a-8-°l H"*!^. 

-§:-§: ^U(ball milling, attrition milling, planetary milling ^°l c r. 

^7lsl 71^1^ as. *M|/«-/M*M7lfc S *H °1 

Sl 7>^l Hl-f-^^o] Hj-igO.S. Cf^-g- 741^ ^ ^l^sffe «<HM JiJl 

(evaporative decomposition) 3? pH 2^^- lli W. Sfr °1^7fl *ll 

37] s) ^-^ *^r*Hr il *3 41 ^Ml <y*> ^^-i- 

* * ' ■ ' * ' . ■ ' 

(pressure less sintering}^' ^^7> H^^^,. «WN 

$ *'<?! ^ #a 3 ^& 3 <#l >i ^ 4 

eH -SrSf- ^£.5. *H, Wi^l (pressure less sintering) >M 

4^ (hot-isostatic-pressing ; HIP)3r +7\si\ dt^ 7]^4r g 

* ■ 

is. *}7l tf-Sf -g-oi^ ^ 4^ 3 ^oi^ <g*> 

-^#-§r 2:2fl*>°i 371^1 -g-^tr n Hl ^-^(homogeneous microstructure)-! 
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4^i, £ . °1*5L^ *V*r ^3 ^Ife 71 Tfl ^ #517} 

•g- ^ol ol^-jl^} *>fe "^^fl 7]#2j #71 ^e^MoV-^-f-Dm 

^71 7l#^ ^g*M ^*H. -& Ht^^-Hfe *\%°} 10 ifl*l 

50 nm9l 1*\ ^Kprimary particle)^ 10 ^fl*l 100 nm<?l "S-f- 

■ ■ * « 

* * * * • ' " '"' •" "***"**' ' * * * , " * . • - - *■ . • * *« ; •* •!****« 

7>#5lw, H'^-S-. ^ ofl3#'*3. ^i^^El If 1 S) 

« . ■ * 

• * 

£ t}^ ^.oflolH, #71 ilHt^fl . ^ea^oV <a7f:^ 

PlM- f^ltr 99.9 :. 0.1 tfl7} 50 : 50 t 91^. 

* i ' , . « • • • • * 

' * " 4 * 

£ ^*fl 7i ^ -4*|*-^§*M ^*H. £ ".ure^Hte ^71- <gm 

■ 

• . • . ■ 

* . * . . ■ . 
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1 

#7l 4fHS-§- 100 *fl*l 300 r S. 7>1SW ^1 oj^-i!)- <£if.ui:- o]-2. 

«1 3t^€ ^ ^2:* ^ 12-711; ^ 

^7l 400 vfl^l 1000 *C ofl^l *>^*Rt #7fl# JL^fe -8-71 

oi~^pii4 q-^-4^-^1 ^--j-si ^12 ^-fr 

» - 

^^^Hl#, HeW-«*#el*. q4<fl?3*. ^^#el#, 

#51^11". *|J=3.f|fc (p-tl^HM), (l,2-Cl*l=S.Al«), Sll^SAl^- 

OI^sa} Sfe- 1:3-cW1M), BlS.^1- (1.2.3-HSj^lH^-Al^), 5-^^s.Ai 
^l^ell^sAl^- (3,5-^*1H^-a1«3)^ to*), #S.S.#^-a1^- (i i3t 5-E5}-5i:=s. 

■ 

Al ^^l) HE^ ^si^Alal-oiBil^«a ^ 5>J4. 

& W #^^)A-i - Aj-71 » H ^ A> 6. Al H S AJ. ; ^^Hel7>a4^A> ; Xl 

€S.5SEl-t11 HHl-n^4-€^> , 4*) (1,4-^^tl^s^.AlAV), (1,2^1^1 

T^s^AlAj.), 4*.A>xj. X^), >A!>J, El-eEl-sAV (cl^Al^A>) f pflA^Af (tifl 

♦ 

3 A Jr, ' WS'Ap, s^-a}. (o-^!^lcl7>s^.AlA].) ) ol^n^-A> (m-iffl^lc|7> 

* * * * 

^^|«^a> ( .'■ Br «^^l'ffla A i, p-*1s.^-a1^!^av, (o-*l^ 

• . . . ■ • . • . ■ ■ 

aM£E#), °m-&A> (uii^^!^aia}.) i -Aii-aw^, o^qBAV, ^av. -sics-ai 

■ ■ • < 

• ■ i ' • ■ 

^iHliW^m^^lB'i}- (HEDTA), <^li$#3#if Hel-<>HlB^ (EGTA), ofl'H 

* 

* » 
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«t)«}'jE|EW^ (EDTA). 6}A 3 jfaEA> i gci=. d\] *&®z)o\*\^ 

« 

<27> £ 1^2} H T^^HH, x]as#"S4 W^l-e-^^: 

<28> ^2}, SE ^oHH #7] cf7> <t^4 ^4^^ 10 : 90 

90 : 10 <ti ^ 

^Hl-SL^?!, , -°r3.#°3, 7^21^, Hi^lf-*, ^ ofls-g-oj 

"N. 

■ 1 , . ; . . . ■ ■ .' . ■ ' ■ ■■ ■ ■ ■ . ■ . . ■ . ,' ■'■„.,'.. ■ . ' •' - ■ 

1Ml3..l0:l tfl*l 10: 999.9^ ^ ••; \ 

<32> £ ^°fl , cfl§H ^-4 H^W. '. 

<33> tf»HMfe 10 tfl^l 50 nm-?! *\*3.i)o} 1*> a^o] 10 ifl 

*1 100 nm^l ..tfW 1*> °Jz}7} ^ir. ^Q^*] i^s)^ 2*> -4^3. ^ 
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4^-4^-^11- ol^uL M°|ES, ^ISaqo} Wl: 0 ] ^»o\] 

qo> «a^=ol o^ij ^9X°] S^°fl ^^7> 2n#£) 

37] 51 l*> ^7}^o] ±^0] 4^11- o}^. 2*} <Qx\S. ^S}B1, M-ia H^Tl 
(tweezer)S. 7flf Wl- 

^4-2-711 4«M, 7flt WMr ^I<H^7l7> pfl-f #e1Mt4. 

zisiu}, *Hi£H Ail el- M-^^- £fe ^-te <&^°] 

- 

t 4-s- *flaH SL^M —3} 

*■'.*■'■.'■■. * . « - ' '* •• . .■.■.«.• . . ■ ■ • ■ ■ 

. > ' . ■ . • ' '■ • ' • " . - . ' ./•.*.•' 

•' .. ■ . .'■■*• * * /»«•••' 

#*Hr *\W V 1 *r SHr *#*f 5fti*. 

#0.5. °]#-<H*)fe 1# °J#si sjs.# >8£»§- el 

■ 

» • ■ , . . ■ • * • 
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0.0001 20 ^ flcK $7] ^2^} «U*> 

tfl (fum <a*}2] ^Hlfe- 99.9 : 0.1 ifl*l 50 : 50 ^7} 

^O.^ #J£2l D]^>Cf. 

> 

#7] £^"§~i- 100 300 "C 3. 7}-<i*M ^ w °1 

i 

^■71 ^l-i- 400 vfl^l 1000 r <>1)^i ^* i^-*Kr ^^.S. 

* • 4 ' " ' »■•«**»' , . t « * ■ - • * " * ',. 

. '.' ..." . ■ . . : ' . ■ ' •■ 

#7] t\7\ <g3.^5L^ °\M^M^^r, S.S.^^^\ ^ 

■ 
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4€^>, <»M=AV (lf 4_4^7>s^lAV) > ^a> ( 1,2-^1 ^^^7>=^-a1aV) i ^ 

H^^l-tf-), a1h^a> ( o}jat|B4h. £3^, *lH^Al<H]^o)l^^^o>^l 
He)°H]H^> (HEDTA) , <^ € € # el M B eHH] H4b (EGTA), °flH^ 6 >i3sfl.£eM- 
^1B<> (EDTA) , tW,-..o}i^SS4, Sfe . ^Wt\<*}^mS.^-&^<>] Af^-* 

W t}7} 10.: 90 tfl^l 90 : 10 °\ 

* 

Aj7iJi ^ €3 a7i7> t^ijeljl i4iL-4M itm *T 9X^ W 

; 

#7i ^Hs^-<g3)- ^es^sj-. -wnite-ar ^^-i-, 

... 

• ■ • ■ ■ 

* - . * 

♦ - . ■ 
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^S]fe ^lsauloVtt^m ^INlS 10:1 tfl*l 10 : 999.921 °d=A5. £ 

^ 7] e 2 qo}-tf D M M-^-^-^-^l ^§"°1 igc^ - o^cf. 

<3, i\o) ^frf-^, vfliLclf-^, #^-M^<§ , SBHUcm^ , 4 

W. ^-^^-gr <S$a1 ^H3q<>H cfl«fl o.oooi xfl*l 20 

€^ <t- -R-sHH^l #3^*0^ #7) ^ol^-o] 5. 

felii^l iJMH^fe f-ej^ ^^^| (network former)^ ^ 0 <J=<>1£: °<r 
^*)l(network modifier)^. ■ ^MJ^jI ^ *r &*r. ^^^S.^^ ^ 
£ ^^i^Efl e ^4. ^4 371 S. ^t}7]) &3Mt%. <£*m<L*L, <>1 el tr 

• ' . > ► ■ . -, , ■ » , , , , ►•«••■ - "**.•.. 

1 * . . < t •» ■ • , » ■ , ' , * • * ■ ' *. *■ * *■ 

7} ^ o.^ , tffL . $.s.6qx\ ^^(stoichiometric)2l 

* 

■ 

' .... . • . , 

• ■ 
■ 
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7>^o] 7^ &7) nfl^ofl, 7|a 3 t4 
^ T-fl °fl TjlWl 3#*1"<S M 1*13 M-ic 3L7]S\ 

3-Hr, ^r<3 -8-^^ ^^oflAi IH^I^ <g <a^7> 

<£^*}S= #7) «g« ^30} 

u|o>fi1- ^^14 <£<H^4. ^7l £^g- ^s^o}^ ^Plu|.iq v)3& 

a7]£l ^TOS. ^^4- ^1^2^-5} <^7>^ a7l^- 100 200 nm£} 3.7] 91 

a>^ ( c) -§-^sM $M 500 nm 0]^$] a 7 ]f 7>^lcf. x]e^u) 

^7}^ tf* 7Hi, IH^M WS= 1*> °U7>S1 «H4- 

■ - . . . - ■ 7 . • / • . . . - . 

• .... '. • ' ' • ' ■ ■ ■ .■ • " ■' ■ 

1 * 

• ■ . . . . ; 

a]uf«4 t]s 3.1^0} -g^l^ .#<H^f. S.-S- 2*> 100 ifl^l 200 nm^ #&| 

^olc^. ^1 5 3 qo>-<g:^.n)i4 ^ 10 xfl^l 50 nm 3.7)$% M-ic ^ 

*}3L5Lxl<i}m ^-3-3-4. -g-^H €e1^7> ^7VS)^ # 

'*".'■•.■•• . . . • " . 

•' . . . 

* ■ ■ * 
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ol^-ofl oj^s. ol^-aj. ^nl^- o^o] §&H #^5] ^ 

3H- 400 vfl^l 1000 r €r5.°fl^ *>^^^ l-^^7> 2fl7iS)jI M-^-^-^^l 
*8^*M1 34- ^ ^2: iJH tf^lw4 °1 

<$#q±3. °) ^Ha^ofH ufit 371^ «a*>s 

olsf ^-ol *fls^ M-^-^-t^l ^•^•■i- 7><g-i^(hot pressing)*}^ 

4^ ^(sintering density) ^ #3- ^7}^ q-^iflTfl € 

HIP 1600 t7} ^fe feofl-M ^Slfe ^ 

q-ii -^-M tftf* 1300 4*1 1500 <t 9X 

■ ■ 

■ * - ■ 1 • ' . ■ 
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«H ^lStb "}°13S 3.7]$!) *}ZLf>\o\ 1.5«fl $5. 7fl^i^c|-. 

4^4 ^ ^-0>oflAi ^ #*i)3^- 7>#4. 

o]Z\ ^Aldfl# £ tfl*H 3* ^>fl*1 *}7l 

M <33-#-g- 'SKI^r W-S-O^. ^1"8-^. ofl^^j -i- 

^l-CZrClaOoSHzO), »lSf 6^#(YCl 3 o6H2 0', Aldrich Chemical 

Co. Inc., Milwaukee, WI, USA), a]esa]: l^l-CCeHAo&O, CAM) ^ti^el 
#(C 2 1¥) 2 , EG)# fcW^S 4**}£4, ^lBf-#5.e}°l^ 6^^1-^ ^«>Jlfe 

^^^#^(Kanto Chemical Co. Inc. , Tokyo. JapanHH ^-"y^W. 

Zr4 Y -§-<^ ^KZrM 3#% YA 5.^)4 Al 

4-8-«1-5!4. "UE^^ m. His 33:67^1 CAMS)- ^ 

I 

t • ' ■ • V I • 

^4^, 100^ W<H] tfl^ 900^^4 

^h^u|oH cfltb ^f-olvj-fi] 1 : 0.25^ W £4. 

. 
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#7] ^4? ^g-€-§- CAM-EG -8-^3}- ^, xg^^ £^-§--g- 130 tS. 7]- 

CAM4 EG ^«|-5ac).. -g-°J}ol ^igofl 43. ufl^- $^ 

n>^^-o.5. =f-g- ^3EAl^ji, £-4fl*j-uL, 200 vfl^l 1000 r^l ^$Ha-1 

v}^. X-id 3^ £-*M(M18XHF, Mac Science, Yokohama, 

Japan) 5. W v|k4W 3 

^^r -S-lM- Zr0 2 #3. 48*1 ?}-§-<?> <*thM*l #^*>^ 2*> A>o]^ 

* #41*1 a tK neflsMB(graphite) 4-°H*l 1300 - 1500 ^5.ofl 

^ 30 MPa^l <g-§HH *h^- Ar -g-^7HH 7><g-4i^s}^cf . oj ufl 7 > 

10 ^r£S ^ ^(furnace coolingH S]«fl 

*■.«.* • « • . * - 

Hsls. >^l#i- a^^i • ^ 

■* * >« * , ■ ' ■■» - * ' * 1 

3^3. ^7}^<q SEM(JSM-6330F, JE0L, Tokyo, Japan)-£3. ^#*>S4. 

£ijgg 2 

^7l ^A]'ofl 13|- -g-<^ £^4 ^11- ^^*1-51, ^7> 

* * * 

• * ■ 
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£eW3 100^4°fl *««H 100*#*S ^el*}^. 

<64> ^ Aloft 3 

<65> ^ 13f ^<g^ ^^O.S. ^iM" ^^J7 i^Sflt- ^fla^Sl, $43fc 

#bH4 loo*** 0 ! *fl*H io**¥-a ^sl-S^. 

<66> ' ^Alofl 4 

<67> >8"7l ^AH) 14 f £iM: M*Ml i^^ll- ^1^*>21, ^l=SV)<i> 
<68> ^ Aloft 5 

<69> Aj. 7 ] ^a]o)1 I3f :§-oj^. ^-2.3. -g-lMr ^^Jl db*4flt- aflaai-si, ^l^of 

"344 ttfniq. $44 90: 102.3. ^3*1- £4. 

<70> ^ Aloft 6 

<71> Aj-71 ^Al 6f| 13). ^.oj^j. ^0. S ^-Aj t\jL ^12:*>£), ^3^} 

W;.tf D ]4..M^ Hi** 70 : 30^ ^^^■OT. 

. ■ . » t m m »',• • . , ■ 

■ • . t * m * * * % * ' *" • * * % * »*< , » 

<7i> Aj Aloft 7 ■ .v-S^^^^r;;.r:: -.. /r: - 

I ... • . 1 * 1 ■ ' . 

<73> Aj-71 ^Aloft 14 *^'*-*^^S."#-«* tH8*Ka Al5.i2^K 
•344 o^ D m 0J44 50: 5Q0.3. 

* - 

<74> Ml jI<4|. 1 

. - 

<75> Aj-^-oi 45.su|oKTZ-3Y, Tosoh, Japan)^ *H* D M (AKP 50, Sumitomo, Japan )£ 

W 'M^*- *H 4^-sH4/^ n lM- <8 W^, ^-714 ^ 
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<76> tQiHofl 2 



<77> 



<78> #71 *g^£ £-^ofl tflsM ^Aloflol) 7l7fl^ $3% sf^S TEM ^ 3 g 



2} ^*>$^ 



<79> 





3^ *KE(MPa) 


-aAiofl i 


1450 


^Alofl 2 


1330 


^Alofl 3 


1230 








13Q0 


^lofl 6 


1370 


^aHI 7 


1200 




980 


''Hi 24 2 


830 



' 1 



<80> 



» i » 



^ A] oj] ofl trj-a. *1 H2M o>-^nl 14 14^-4^ ^£(1300 



tH*l:£ ^l^tb &*km A A , Hi ja oils] 4Wfe-«3£7> ^-cf. s 

7 (AH ^ *\S% |A]f i2l ^s^o]_^nli4 uj-t- ^Sfl ^ 

(#?lH7l- tf^f- tflWj l:9S. ^7>)# *H 7l^-o] ^o.^ 

» 

• ■ ■ ♦ 

- 

3 i|i-^ lM i^ .[£ 7(B)], 44i °H1 71*6] ^ 
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^■i- [S. 7(C)]. ^Cfl 7j-^oflA^ i 1 rt£ 6i 

3*13, -M*H1 ^lsa^of-^m M-^-^M -S-lM: 

Str il^W 1^ 4^ #^ 145 o MPa^ h].5L<4| 980 MPa ^ »liSL^ 

2^ 830MPa &J±4 3^, 4i^-HIP ^-tr 4^1^ 33 

2000 MPa)°11 3t^M4 W 7 <KE^ ^7Kr H 8°fl 

a><4 £oj v]X\) ^s^. % 1^11^. 
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